Introduction
The main focus of in vitro fertilization (IVF) at the time of its introduction by Edwards and Steptoe in 1978 was tubal pathology. In the last three decades, the spectrum of indications has broadened tremendously. Nowadays IVF, including intracytoplasmic sperm injection (ICSI), seems to have become a panacea for almost all subfertility causes. It has become so familiar to the public that one uses IVF as a synonym for infertility treatment. However, not every couple is treated with IVF, conventional therapies such as intrauterine insemination (IUI) and ovulation induction (OI) are still applied. National clinical guidelines and patient's preferences will influence the extent a certain treatment modality is used (www.nvog.nl and National Institute for Health and Clinical Excellence, www.nice.org.uk). Currently, IVF is performed on a large scale (Andersen et al., 2008) . On average in Europe, including in the Netherlands, four cycles per one thousand females of reproductive age are performed. In the Scandinavian countries, Belgium, Iceland and Slovenia the IVF uptake is even greater. Currently in the Netherlands 1 in every 40 children is born following conception with IVF.
Numerous investigators have reported about the high success rates per cycle and the high cumulative pregnancy rate after a series of cycles (Nyboe Andersen et al., 2008; Malizia et al., 2009) . Pinborg et al. (2009) recently studied a tertiary care cohort of 1338 couples entering a fertility programme and found a cumulative delivery rate of 69.4%. However, the contribution of IVF to the total live birth rates in an unselected subfertile population has never been studied. Before the introduction of IVF, the total birth rate after 3 years was about 45% in subfertile couples (Collins and van Steirteghem, 2004 ). An additional increase of 5% in treatment-independent pregnancies can be seen in the following years (Evers et al., 1998; Eijkemans et al., 2008) . Hull et al. (1985) published one of the main studies from the period before IVF. They constructed cumulative pregnancy curves for different diagnoses. These curves long have been used to counsel subfertile couples. Because of the fact that empirical data on the contribution of IVF to the total birth rate in subfertile couples are lacking, Collins and van Steirteghem (2004) attempted to estimate this by mathematical modelling, based on an extensive literature search about current treatment protocols. To address this knowledge gap, we conducted a 5-year cohort study of all newly referred subfertile couples entering our secondary care fertility clinic. We analysed this cohort to clarify the contribution of IVF to the cumulative ongoing pregnancy rates of the complete cohort and of the different diagnostic subgroups, and compared spontaneous pregnancy rates and pregnancy rates after fertility treatments.
Materials and Methods

Study population and study design
A longitudinal cohort study was performed which included all couples (n ¼ 1391) that were referred by their general practitioner (GP) for subfertility to our fertility clinic (Jeroen Bosch Hospital, 's-Hertogenbosch, The Netherlands) between January 2002 and December 2006. This hospital is a large regional training hospital and serves a region with over 300 000 inhabitants. Annually, approximately 300 IVF and ICSI cycles are started in this hospital, which accounts for approximately 2% of all national started cycles, with pregnancy rates and multiple pregnancy rates comparable to other Dutch fertility clinics (www.nvog.nl). In addition, approximately 450 IUI [of which 50% with Clomiphene Citrate (CC), 40% with recombinant follicle-stimulating hormone (rFSH) and 10% in a natural cycle], and 70 rFSH cycles for OI are started yearly. GPs in our region do not routinely perform any form of basic fertility work-up and do not prescribe fertility drugs, such as CC. Couples that were referred directly for IVF, by other gynaecologists, were not included in this study. Subfertility was defined as failure to conceive despite more than 1 year of unprotected intercourse. An exception was made for women with oligo-amenorrhea and women aged 37 years or more, who were referred earlier. Primary subfertility was defined as a delay in pregnancy in a couple that never had achieved a pregnancy. Secondary subfertility was defined as a delay in pregnancy in a couple that had previously conceived, including miscarriage or ectopic pregnancy. The duration of subfertility in months was defined as the period between the start of active child-wish or the date of an earlier pregnancy loss, and the date of the first visit at our fertility clinic. Female age, in years, was calculated at the start of the fertility work-up and at the time of the start of IVF treatment. As age is one of the most important prognostic factors in subfertility, further analysis was performed per age group. A distinction was made between women less than 30, 30 -34 and 35 years or older.
For each couple it was assessed whether or not an ongoing pregnancy was achieved, either spontaneously or after treatment. An ongoing pregnancy was defined as the presence of one or more intrauterine fetuses with a positive heartbeat at 12 weeks gestational sonography.
Cumulative pregnancy rates were calculated per single diagnostic category and for the most common combinations of diagnoses. Furthermore, in order to assess the contribution of IVF to ongoing pregnancy rates we categorized fertility treatment and modes of conception as follows. † No treatment (including expectant management, correction of hypothyroidism, fertility enhancing surgery as ovarian electrocoagulation and tubal surgery). If no pregnancy was documented, couples were contacted by phone to collect follow-up data on any pregnancy or fertility treatments in other centres. Permission from the hospital's Medical Ethics Committee (MEC) was obtained. These data were included in the analysis, too.
Fertility work-up
The fertility work-up was performed in all couples according to the guidelines of the Dutch Society of Obstetrics and Gynaecology (www.nvog.nl), and included a full history of both partners, evaluation of ovulation by vaginal ultrasonography, an ultrasound timed postcoital test (PCT) and midluteal serum progesterone, semen analysis, serum screening of CA-125 and Chlamydia antibody titre (CAT) and testing of tubal patency by hysterosalpingography or laparoscopy and dye test.
After fertility work-up, a single or combination diagnosis was determined. The menstrual cycle was considered normal if ovulation was documented by ultrasound, midluteal progesterone exceeded a level of 27 nmol/l, and the length of the cycle was between 25 and 35 days with an intermenstrual variability of 7 days or less. In all other cases, the diagnosis ovulation disorder was assigned regardless of the underlying pathology. Sperm was considered normal if the product of volume, concentration and motility (total motile sperm count, TMSC) in the native sperm sample was !20 Â 10 6 taking both fast and slow motile sperm
together. An TMSC , 20 Â 10 6 was regarded as male subfertility, including azoospermia. Cervical subfertility was diagnosed if the PCT was negative as a result of poor cervical mucus or if the PCT was negative in the presence of normal mucus and a normal TMSC. A PCT was considered normal if at least one forward propulsive spermatozoon was seen per high power field (magnification Â400). Tubal factor subfertility was defined as uni-or bilateral tubal occlusion or obstructed ovum pickup mechanism due to pelvic adhesions. If the reason for subfertility was due to uterine defects such as congenital or acquired anomaly of the uterus the diagnosis uterine subfertility was stated. Diagnosis of endometriosis was only made after laparoscopy and consisted of all four stages of the modified ASRM Classification (1997). The diagnosis of sexual problems includes both male and female sexual disorders. If fertility work-up was normal the diagnosis of unexplained subfertility was determined. Couples who conceived an ongoing pregnancy before fertility work-up was finished, were diagnosed as unexplained subfertility. If fertility work-up was incomplete or if a couple withdrew itself after the first visit, couples were labelled as no diagnosis. Couples were considered to be infertile if they were diagnosed with azoospermia, with two-sided tubal pathology, or with premature ovarian failure. All other couples were considered to be subfertile.
Fertility treatment
Couples were treated according to the national fertility guideline programme of the Dutch Society for Obstetrics and Gynaecology (www. nvog.nl) and is here described in detail. Expectant management was offered to couples with a spontaneous pregnancy chance of 40% or more according to the prognostic model of Eimers et al. (1994) or Hunault et al. (2004 Hunault et al. ( , 2005 . Anovulation was treated after diagnosis by OI with CC, rFSH or DA. Couples with unexplained and mild (TMSC of 10 -20 Â 10 6 ) to moderate (TMSC of 1 -10 Â 10 6 ) male subfertility had to undergo three to six cycles of IUI/COS before they were offered IVF. In this study, OI, IUI and IUI/COS were considered to be conventional therapies.
Relative contribution of IVF to the total ongoing pregnancy rate All cycles with OI and IUI/COS were monitored with serial vaginal ultrasound. In OI unifollicular growth was pursued, while in IUI/COS two to three dominant follicles were considered optimal. IUI/COS cycles were cancelled if more than three dominant follicles had developed. Cervical subfertility was treated by IUI in a natural cycle. Endometriosis was primarily managed pharmacologically and/or surgically, and secondarily with IUI/ COS or IVF depending on the rASRM stage (1997). Uterine anomalies were corrected hysteroscopically where possible.
Regular IVF was offered secondarily if conventional treatment had failed, or primarily in bilateral tubal factor or endometriosis rASRM stage IV (1997). ICSI was offered primarily if the TMSC was ,1.10 6 or secondarily in cases of total fertilization failure with regular IVF. The maximum number of transferred embryos was two. During this study period, elective single embryo transfer was gradually implemented. In the Netherlands three IVF or ICSI cycles are reimbursed.
Statistical analysis
Cumulative pregnancy rates per diagnostic group were visualized using Excel 2000 (Microsoft Office 2000). For proportions, 95% confidence intervals (95% CI) were calculated. We used Kruskal-Wallis H-test to look for differences in duration of subfertility and female age in the four largest diagnostic groups and for differences in female age per mode of conception. A P-value ,0.05 was considered statistically significant. As all three tests showed statistical significance, we used the independent t-test for further analysis. The Chi-square test was used to test for differences between categorical variables. The log rank test was used to test the differences between the cumulative ongoing pregnancy curves in the four largest diagnostic groups. Analyses were performed using SPSS 16.0 program (Statistical Package for the Social Sciences; SPSS, Chicago, IL, USA).
Results
In the 5-year study period, a cohort of 1391 couples was referred by their GP to our fertility clinic.
Patient's characteristics are shown in Table I . Most couples (81.8%) had a single diagnosis, 16.7% had two diagnoses, 1.4% had three diagnoses and 0.1% had a combination of four different diagnoses. In 44.6% of the couples no treatment was started or a period of expectant management preceded fertility treatment. In general, about two-thirds of the couples underwent one or more treatment modalities. During the follow-up period, almost one-third of the couples was treated with OI and one-third with IUI. Only minority (25%) of the patients (n ¼ 349) started IVF treatment.
From the 1391 couples, there were 71 (5.1%) infertile couples, 32 of whom suffered azoospermia, 27 had two-sided tubal pathology and 12 had premature ovarian failure. The diagnostic group 'male subfertility' can be subdivided by quality of the sperm. Thirty-two couples were diagnosed as severe male subfertility (TMSC, before preparation ,1), 175 couples were diagnosed as moderate male subfertility (TMSC 1-10) and 113 couples as mild male subfertility . A TMSC of 20 or more was considered as normal fertile sperm. Table II shows the total ongoing pregnancy rates for each diagnostic group, the number of couples treated with IVF and the number of ongoing pregnancies as a result of IVF. There were significant differences in female age at first visit and duration of subfertility at first visit for the four largest diagnostic subgroups. Patients with the diagnosis 'ovulation disorder' were younger (median 29.5, range 20.1 -44.1) than those with 'male subfertility' (median 31.8, range 17.7 -42.2, P , 0.001), 'cervical subfertility' (median 32.0, range 21.0-43.5, P , 0.001) and Continued 'unexplained subfertility' (median 32.8, range 18.9 -42.9, P , 0.001).
Patients with the diagnosis 'male subfertility' were younger (median 31.8, range 17.7 -42.2) than those with the diagnosis 'unexplained subfertility' (median 32.8, range 18.9 -42.9, P ¼ 0.015). The other comparisons showed no statistically significant differences. The duration of subfertility at moment of first visit was significantly shorter for the patients with 'ovulation disorder' (median 11.0, range 23-126) compared with patients with 'male subfertility' (median 15.0, range 0 -168, P , 0.001), 'unexplained subfertility' (median 15.0, range 0-131, P , 0.001) and 'cervical subfertility' (median 15.0, range 0-84, P ¼ 0.016). The other groups showed no differences. In December 2008 the overall ongoing pregnancy rate for the total cohort was 72.0% (n ¼ 1001). This figure may still rise a little in the near future. IVF was responsible for 212 (21%) of these ongoing pregnancies. In the four largest diagnostic groups, 'unexplained subfertility', 'ovulation disorder' and 'cervical subfertility' had an 80% or higher cumulative ongoing pregnancy rate, whereas two-thirds (63.8%) of the couples diagnosed with 'male subfertility' achieved an ongoing pregnancy. For the groups with only one diagnosis, 'tubal factor' had the lowest cumulative ongoing pregnancy rate (56.4%).
Of the 349 couples treated with IVF, two-thirds (n ¼ 239) achieved an ongoing pregnancy. The majority (89%) of these pregnancies were following IVF (n ¼ 212). However, in this group 23 pregnancies (10%) were conceived spontaneously after discontinuing IVF treatment and three (1%) were the result of conversion from IVF to an IUI treatment because of poor response during IVF.
Of the couples treated with IVF, 127 couples were primarily treated with IVF. Twenty-one per cent of the couples with 'male subfertility' (77/359) were treated directly with IVF. For 'unexplained subfertility' primary IVF accounted for 0.65% (2/306), for 'ovulation disorder' 0%, for 'cervical subfertility' 2.8% (3/106), for 'no diagnosis' 8.9% (4/45), for 'tubal subfertility' 30.8% (12/39) and for 'endometriosis' 13.8% (4/29).
IVF was predominantly used in couples with 'tubal factor' (51.3%), 'endometriosis' (44.8%), 'male subfertility' (36.5%) diagnoses, or in cases of combinations of these three single diagnoses. The largest contribution of IVF to ongoing pregnancy rates was in these same diagnostic groups. Sixteen per cent of the couples diagnosed with 'unexplained subfertility' were treated with IVF, resulting in an ongoing pregnancy in approximately two-thirds (65%) of these couples. However, the contribution of IVF in the total group of 'unexplained subfertility' is only 10.5% of the ongoing pregnancies.
The ,30 age group was treated with OI statistically significant more often (40.9%) than both the 30-34 age group (26.2%, P , 0.001) and women !35 (18.6%, P , 0.001), and this age group (,30) was treated with IUI statistically significant less often (27.8%) than either the 30-34 age group (37.5%, P ¼ 0.001) or women !35 37.2%, P ¼ 0.004). Furthermore, the age group ,30 was treated less often (21.6%) with IVF than the 30-34 group (27.1, P ¼ 0.035). There were no significant differences between the other combinations of age group and use of the different treatments. Figure 1 shows the total cumulative ongoing pregnancy curve for the complete cohort and for each of the conception modes. Nearly half (45%) of ongoing pregnancies were conceived spontaneously (n ¼ 456), whilst 21% were conceived after IVF (n ¼ 212), 14% after IUI (n ¼ 140) and 19% after OI (n ¼ 193). In Table III , the corresponding 95% CIs are shown. Patients who conceived as a result of OI were younger (median 29.6, range 18.6 -39.9) than patients who conceived spontaneously (median 31.2, range 18.9 -42.2, P , 0.001), or as a result of IUI (median 31.0, range 21.0 -40.8, P ¼ 0.001) or IVF (median 31.0, range 20.0 -41.4, P , 0.001).
Most spontaneous pregnancies and pregnancies after OI were conceived in the first few months after the first visit at our clinic. The curves for IUI and IVF show a shallower slope.
Overall the younger the female age, the higher the ongoing pregnancy rate (,30 versus 30-34, P , 0.001; ,30 versus !35, P , 0.001; 30 -34 versus !35, P , 0.001). There were no differences between the three age groups for those who achieved a spontaneous ongoing pregnancy. Those patients who were less than 30 years old conceived more frequently (25.6%) with OI compared with the other age groups (16.3%, P , 0.001 and 10.3%, P , 0.001, respectively). The 30-34 age group conceived significantly more often after OI (16.3%) compared with the group aged !35. The other combinations in age group and mode of conception were not significantly different. Figure 2a -f show the total cumulative ongoing pregnancy curves for the six largest single diagnostic groups, and the contributions to ongoing pregnancies for the different conception modes. The corresponding 95% CIs are shown in Table III . The log rank test showed significant difference between the total cumulative ongoing pregnancy curves in the four largest diagnostic groups. For 'male subfertility' (Fig. 2a) , 'tubal factor' (Fig. 2e) and 'endometriosis' (Fig. 2f ) most pregnancies were conceived either spontaneously or with IVF. For 'male subfertility' most pregnancies were conceived in the first 2 years of fertility care, whereas the curves of 'tubal factor' and 'endometriosis' show a more gradual increase. Seventy per cent of the pregnancies in couples diagnosed with 'unexplained subfertility' were conceived spontaneously in the first year of receiving fertility care (Fig. 2b) . The curve of 'cervical subfertility' (Fig. 2d ) on the other hand shows a larger contribution of IUI to ongoing pregnancies compared with the 'unexplained subfertile' couples. Two-thirds of the pregnancies in couples with 'ovulation disorder' were after OI, and 22% were conceived spontaneously (Fig. 2c) . Most of these pregnancies were conceived in the first 12 months after first visit to our clinic.
Discussion
We performed a study on the contribution of IVF to ongoing pregnancy rates in an unselected cohort of subfertile couples referred by their GP. This study has visualized the cumulative pregnancy rates Per diagnosis group the proportion of couples that was treated with IVF and the proportion of ongoing pregnancies conceived as a result of IVF is given. Follow-up after first visit was up to 5 years. IVF, in vitro fertilization and its related techniques. To compare duration of subfertility and female age between diagnosis groups independent of t-test was used. and the mode of conception in the total cohort of subfertile couples, as well as in the different diagnostic subgroups. As far as IVF is concerned, this study is the first of its kind, and it is the first population study since the study of Hull et al. (1985) . At the time of that study, however, IVF was practised at a limited scale. In our cohort of 1391 couples 1001 (72.0%) so far reached their goal: an ongoing pregnancy. Almost half of these ongoing pregnancies were conceived spontaneously. A quarter of the cohort actually started IVF treatment, and 60% of those achieved an ongoing pregnancy as a result of that treatment. IVF, therefore, was responsible for one in every five ongoing pregnancies. This corresponds to 15% of the total cohort of 1391 couples. Collins and van Steirteghem (2004) reviewed the literature on the life birth rates in the era before IVF. Subfertile women had about 45% chance to give birth in the first 3 years of follow-up. An additional 5% of treatment-independent pregnancies can be observed in the following years (Evers et al., 1998) . Our study showed 72% ongoing pregnancies, which is in agreement with Pinborg et al. (2009) , who found an ongoing pregnancy rate of 69.4% in longitudinal cohort study on cumulative 5-year delivery rates. Pinborg et al. (2009) report a spontaneous pregnancy rate of 6.6% for the first pregnancy and 18.0% for all pregnancies. Our study, on the other hand, showed almost half of the pregnancies were conceived spontaneously in the first 12 months after first visit to our clinic. This difference can be explained by the difference in study population (tertiary care versus secondary care, selected versus unselected) and by the difference in duration of subfertility (4.2 years versus 17 months).
The fact that only 20% of the ongoing pregnancies were achieved by IVF might seem a small percentage, given the exaggerated reputation of IVF among patients and professionals. The contribution of IVF, however, is in conformity with the findings of Collins and van Steirteghem (2004) and not higher than the other conventional fertility treatments.
In size, the role of IVF, therefore, seems to be overestimated, while the spontaneous pregnancy rate tends to be underestimated. Yet, it is without any doubt that IVF has improved the overall pregnancy rate.
Our success rate per IVF cycle is comparable with the pregnancy rates in other fertility clinics in the Netherlands (Kremer et al. Relative contribution of IVF to the total ongoing pregnancy rate 2008) and other European countries (Nyboe Andersen et al., 2008) . Furthermore, our cumulative ongoing pregnancy rate of 60% after three cycles is comparable with the results reported in the literature. Osmanagaoglu et al. (1999) reported on a cumulative ongoing pregnancy rate of 60% after six cycles of ICSI and Stolwijk et al. (2000) reported on a cumulative ongoing pregnancy rate of 54.5% after five cycles of IVF or ICSI. Recently, Malizia et al. (2009) reported on an expected cumulative ongoing pregnancy rate of 72% for the total subfertile group and of 85% for women aged less than 35 years, after eight IVF cycles. In fact, only 51% of the original group delivered a baby as a result of IVF. This current study again illustrates the exaggerated positive reputation of IVF. It seems unlikely that such a high pregnancy rate could have been reached if the dropouts had not discontinued their treatment (Stolwijk et al., 2000; Malizia et al., 2009) . Our spontaneous pregnancy rates (10.0%) after discontinuation of IVF are comparable with that reported in the literature (Evers et al., 1998; Eijkemans et al., 2008; Pinborg et al., 2009) . The fact that only a quarter of the cohort actually started IVF is clearly the result of the conservative treatment policy as described in the Dutch and British national fertility guidelines (www.nvog.nl, National Institute for Health and Clinical Excellence, www.nice. org.uk). According to these guidelines conservative treatment modalities are required before starting IVF in the majority of cases. In the Netherlands expectant management is widely accepted if the prognosis of the couple is favourable (van der Steeg et al., 2007) and conventional subfertility treatments are used on a large scale (Steures et al., 2008) . In view of the high spontaneous pregnancy rate, in our study, these guidelines could be judged as accurate which is also nicely Figure 2 Cumulative ongoing pregnancy rates, in months, after the first visit, and the contribution of the four different modes of conception per diagnosis group.The y-axis represents percentages. The x-axis is time in months from initial fertility workup. IVF, in vitro fertilization and its related techniques; IUI, intrauterine insemination, with or without controlled ovarian hyperstimulation; OI, ovulation induction, includes all different kinds of OI. Total cumulative ongoing pregnancy curves for the four largest diagnostic groups are significantly different. (log rank test, P , 0.001). 
